1. Sputum sols, obtained from patients with chronic obstructive pulmonary diseases, were applied to frogs' isolated palates and the effect on ciliary beat frequency was examined.
Introduction
In some asthmatic patients the production of sputum is greatly increased to the point that as much as 150 ml of fluid can be collected daily [ 1-31. The freshly expectorated sputum appears 'watery' but slightly turbid, flows freely and does not adhere to a glass surface. It shows few plugs and little debris floating around with a small amount of foam on top. After standing, some of the solids fall to the bottom and some float below the foam, leaving a relatively clear area in between ( Fig. 1 
Material and methods
Sputum samples were collected from 49 individuals. Fifteen of them had chronic bronchial asthma as defined by the criteria of the American Thoracic Society [91 (Table 1) . These patients, in addition to having the expected symptoms and signs of bronchial asthma, also demonstrated the presence of air-flow obstruction, which was at least partially reversible by administration of bronchodilators or steroids. All asthma patients in this series were receiving steroid drugs in addition to theophylline preparations. The group included both the 'atopic' and the 'intrinsic' clinical varieties. Inclusion in the 'atopic' subgroup required the presence of at least four of the following characteristics: early onset in life, family history, history of other atopies, symptomfree intervals, positive skin tests to several common allergens, eosinophilia in blood and sputum, significant clinical and spirometric response to bronchodlators or steroids. The 'intrinsic' type differed mainly on the basis of late onset, more severe symptoms and signs of air-flow obstruction, and exacerbations commonly associated with recurrent respiratory infections. In all but one of the asthmatic patients sputum was tested on several occasions. Since the severity of the clinical symptomatology varies greatly in asthmatic patients we have arbitrarily divided 394 M . J. Dulfano et al.
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FIG.
I. Slurry sputum is m o r e turbid a n d less bubbly t h a n saliva or mucoid sputum. It does not adhere to a glass surface a n d contains few but defined plugs. Twenty-five patients with chronic obstructive pulmonary disease, with different clinical degrees of chronic bronchitis and emphysema, were studied at times when they were symptomatically stable [91 (Table 2) .
Nine norma! volunteers, without symptoms or signs of respiratory involvement, completed the population studied. In these, sputum was obtained by inhalation of hypertonic sodium chloride solutions (10-15 g/100 ml) [lo] . The samples of sputum were collected over a 12 h period. Patients were properly instructed in deep chest expectoration. Sputum smears were prepared for differential cytology (Papanicolau stains) to ascertain lower respiratory tract origin of the expectorate (Tables 1, 2) . The sputum was then centrifuged at 30 000 g for 30 min at 8OC for at least 4 h (n = 10; initial frequency 12.5 f 0.7 beatsls). and the supernatant sol was the material used to assay ciliary activity. Ciliary beat frequency was monitored on a 3 mm x 3 mm piece of mucosa stripped from the parasphenoid area of a frog's palate. This piece was folded out and placed in a flat-bottomed welled slide containing amphibian Ringer's solution and examined at 24OC. Ciliary activity was easily observed along the fold of the mucosa at a magnification of x450 with a phase-contrast microscope (American Optical Company). Cilia beat frequency was measured photometrically by a technique previously described [ 1 11. The presence of ciliary beat was first ascertained with the mucosa bathed in Ringer's solution, then this solution was replaced with the sputum sol to be tested. If the cilia stopped beating completely within 120 min, the sputum sol was considered ciliostatic and the elapsed time to stoppage was recorded. If beating continued beyond 120 min the test was considered negative and observation discontinued. The 120 min period was an arbitrary choice based on the fact that frog palate cilia, in Ringer's or Medium 199 at 24"C, beat steadily at 12.6 & SD 0.7 beats/s
Results
Of the 50 sputum samples collected from 15 asthma patients, 23 were obtained during clinical exacerbation ('worse') and 27 after symptoms had improved ('better') ( Table 3) . Of the former 23, 18 were of the slurry type and five were mucoid. Samples obtained during the 'better' period included 12 slurry, 13 mucoid and two mucopurulent (Table 3 ). Ciliostasis was induced by 26 samples, albeit requiring different periods of time. Of these 26 samples, 17, all slurry type, were obtained during acute exacerbations, and nine during recovery (Table 3) . Of the last-named nine samples, six were slurry, one was mucoid and two were mucopurulent. Thus an apparent clear relationship was established between slurry sputum and ciliary inhibition during clinical 'worse' periods of asthma (P < 0.00003). It was also apparent that as the clinical condition, for each given patient, changed from 'worse' to 'better', the ciliostasis either disappeared or required a longer time to be apparent ( Table 3) . The 25 non-asthmatic patients with chronic obstructive pulmonary disease produced 3 1 sputum samples, all obtained during stable clinical periods. These included 15 mucoid, 10 purulent and six mucopurulent sputum samples. Of these, only one mucoid and two purulent specimens exerted ciliostatic activity. This represents a marked difference from the slurry type of sputum producers among the asthmatic patients.
Sputum samples from the nine normal volunteers showed a ciliostatic effect in only one out of the nine induced sputum samples.
Electron microscopy observations carried out in some of the frog palate specimens used in this study showed no evidence of cellular damage after incubation with sputum sols of any individual, regardless of whether or not ciliostasis occurred.
Discussion
The presence of factors which may inhibit ciliary activity has been the subject of several investigations, particularly with sera from cystic fibrosis patients 112, 131. The results obtained in such investigations are still somewhat controversial [ 141. Furthermore, Wilson & Fudenberg described a ciliary dyskinesia factor in the serum of asthmatic patients which has some similarities to and differences from that of cystic fibrosis (71. Our study attempted to investigate respiratory tract phenomena by substituting sputum, the indigenous secretion of the target area, for the blood.
Commonly accepted theory indicates that, between the mucosal surface and the mucus gel riding on top of the cilia, there is a liquid interface sol layer in which the ciliary shafts bathe. This layer exerts a great influence on the mechanics of ciliary activity and it is perfectly conceivable that its components are in physicochemical equilibrium with the over-riding mucus and most particularly with its soluble fraction or sol which we used in our experiments.
The presence of ciliary inhibitory factor(s) in the sputum of some of these patients, particularly the asthmatic patients during clinical exacerbation, points to an additional physiopathogenetic mechanism in such patients. This would be characterized by the production of an abnormal mucus secretion, sometimes in large volume, capable of delaying mucus clearance through impairment of ciliary function. This impairment is more common during initial periods of clinical exacerbation, which suggests an early change in the physicochemical characteristics of the mucus secretion. If left to develop, the process may lead to stagnation, dehydration of secretion and eventual formation of mucus plugs or casts. Support for this hypothesis can be found in a previous study characterizing this slurry mucus as having low viscoelastic properties and being associated with marked decreases in mucociliary transport rates [ 31. In addition, we have now shown the capacity of the mucus to induce ciliary inhibition of a reversible nature.
The nature of this ciliary inhibitory phenomenon
is not yet solved but preliminary work in progress seems to point to the presence of a specific protein of low molecular weight.
